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Abstract
The sound energy associated with the vibration of matter an abundant source of
noise pollution, wherein the least of all types of pollution which most people ignore
to recycle and turn into electricity sources. The purpose of this project is to design
and develop a device that can make useful energy from noise known as noise
pollution based power bank with suitable architectural design, component design,
code generation, and integration system..The researcher chooses design science
research methods and V Model procedure to make sure of the efficiency of the
device. Noise Pollution Based Power Bank was tested in different noisy areas. The
device had been tested in various places to prove capability to work in a variety of
noisy environment. The efficiency of the device in terms of charging the power bank
utilizing noise is proven effective especially in loud/ noisy places that make the power
bank charged the battery continuously. Comparing to commercial power banks, noise
pollution based power bank produced a parallel result. Charging is also performed with
different gadgets that aremost likely use power bank and found effective and efficient.
With the future modification of the noise pollution based power bank, it is possible to
make this device a basis of imminent technologies that will make a way of recycling
noise pollution to be a secondary source of establishing a wide scale electricity source.
Keywords: Noise Pollution, Acoustic Energy, Sound Energy, Power Bank, Alternative
Energy Source, Electric Source
1. Introduction
One of the main problems for this generation is pollution and as we all know recycling
is the only solution that we can do to lessen it, these are noise pollution or noise
disturbances and this is the kind pollution are being ignored which happened because
there is no possible way to clean our surroundings from noise, but on the other hand
there is a way to recycle it into electrical energy produced by sound vibrations, these
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vibrations cause waves of pressure, which translate them into noise of varying levels
change sound to mechanical to electrical energy.
There are many ways of generating alternative energy coming from sound energy
wherein a primary source of electrical energy of the Noise pollution based power bank,
one example is through a transducer called the piezoelectric crystal that generates
electric charges on its surface when mechanical strain is applied to it and the pressure
and sound is transformed in the same manner, as the sound is in a form of vibrations
that will be harvested on the piezoelectric material that will be converted into elec-
tricity. Piezoelectric materials [ 1], strengthen the urge for the proponent to think of a
way to make use of noise pollution [ 2] wherein as an environmental hazard and how
this type of waste needed recycling to be a useful material for it is available in most
of the areas of our developing country [ 3]. This noise from different locations such
as spots near public places, factories, and industries where the sound is clamouring.
The idea of using the power bank as a main device, as it is one of the accessories of
cellular phones which is a necessity of today’s generation [4], [5] as described about
cellular phones being one of the necessities in the present generation and how short
the battery life affects the usage of this gadget for communications and entertainment,
added to that he introduces the use of power bank as a device which can help give our
phones a longer usage span that explained briefly the use of power banks an addition
to the accessories of phones that gives extra life to the gadget. It is now being used
as the phones nowadays are evolving, having a much wider screen, faster processor
and multitasking capabilities, which requires the larger amount of electricity as it is
discharging while being used.
The possibility of the renewable energy as the power bank’s source other than the
electricity coming from the convenience outlet [5]. Most of the projects that have been
conducted earlier used solar energy until made a phone charger that used pressure as
a source of energy with the help of piezo material to produce electrical energy [6]. The
sound can also be a source of energy. This is feasible by the use of some components
and equipment that can turn sound or acoustics to mechanical (pressure) and finally
produce electrical energy [7].The process of piezoelectric material and how it canmake
energy from one form to another. Piezoelectric as a transducer [ 8], in this research’s
case, will act as a converter of harvested sound to become electricity with the strain
that will be applied to it [9]. The strain will come from the vibration that is carried by
the sound waves near the transducer.
Due to the technology available, the researchers chose to conduct a study that can
help in recycling and produce a device that can help people with their everyday life as
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long there is a noise or sound energy. Concisely, the proponent decided to develop a
noise pollution based power bank. Noise pollution base power bank will convert noise
pollution to electricity and store what it has converted for the moment of its need.
This research is developed to make use of noise pollution for a better purpose
and improve the use of smartphones and mobile gadgets that are now becoming
an essential device for every individual. [10]; [11]; [12] With noise pollution based
power bank, pollution could be recycled for many useful purposes. With the use of
piezoelectric material, transform sound energy into electrical energy passing through
mechanical energy. [13]. Research Paradigm, Figure 1 below, is a visualization of the
researcher’s concept.
Figure 1: Research Paradigm.
The research Paradigm shows the development process of the noise pollution based
power bank. It comprises the input, process, and output. The Input contains the hard-
ware and software components needed to complete the anticipated device, then the
Process contains the fabrication and development of the Noise Pollution Based Power
Bank and the Output is the finished product produced by the researcher with the use
of the input and process. The output is the noise pollution based power bank. The
Research paradigm was strengthened by the conceptual paradigm as shown below.
The conceptual paradigm of the research. It presented the process of noise pollution
based power bank. The figure also consists of the input, process and the output of the
device. Noise, which is under input, will be harvested on the area will be used for the
test. This is the sample that will undergo courses of the noise pollution based power
bank and the piezoelectric material to come up with an output. During the process,
using the noise pollution based power bank, the harvested noise will pass through the
microphone and will come out as electricity.
This research aimed to develop a noise pollution based power bank. This will be
more significant to researchers who need to investigate the conversion methods of
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Figure 2: Conceptual Paradigm.
energy form to another which is sound energy to electrical energy to become a new
source of usable energy [14]; [15].
2. Objectives of the Study
This research aimed to design and develop a device that has the ability to convert
noise into electricity and store it for emergency use. The specific objectives were as
follows: To determine the components needed to develop the noise pollution based
power bank in terms of Hardware and Software; to describe the noise pollution based
power bank circuitry and design architecture; to determine the noise or decibels to
be harvested to create power; process the noise into power as source of electricity;
and to determine how much electricity do the noise pollution based power bank will
generate voltage, current, and resistance; to determine the efficiency of the Noise
Pollution Based Power Bank when tested using different mobile gadgets.
3. Materials and Methods
This study used the experimental method to clarify the mechanisms by which these
factors contribute to the design and developing a noise pollution based power bank
and also utilized Design Science research methods that involve the creation of new
knowledge through design of novel or innovative artifacts such algorithms, human/
computer interfaces, and system design methodologies or language [ 16].
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The researcher chooses V Model procedure to make sure of the efficiency of the
project. The appropriate model for this project is the V model. Figure 3 illustrates the
process.
Figure 3: V-Model Procedure.
The proponent listed down the materials to be used in the development of the
project, then the first thing the proponent did was the study and the gathering of
data regarding the project. Furthermore, gathered data and information from different
sources and the proponent gather the above components to start with the fabrication
and finally, the software design which contains the details for the software side of
the project such as a data flow diagram (DFD) illustrates how data is processed by a
system in terms of inputs and outputs.
The diagram reveals external entities into the system showed how the data moved
from one process to another. Subsequently, [17] this includes structure such as the
source of vibrations, battery, and the users. Furthermore, the relation between the
power bank and the entities. The sound or noise provides pressure to the noise pollu-
tion based power bank wherein the conversion takes place [18]. Thus, After conver-
sion, the electrical energy output be transferred to the battery for the user’s consump-
tion..
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Figure 4: Data flow Diagram.
Figure 5: Entity Relationship Diagram.
The entity relationship diagram (ERD) shows the different types of environment that
produce the high level of noise that can be provided for a power bank. The output of
the power bank will charge the battery that is used by a single user.
The use case diagram illustrates the use of the Noise Pollution Based Power Bank
wherein, the user needs to use the power bank together with the phone wherein the
decibels and battery percentage were displayed.
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Figure 6: Use Case Diagram.
The main flow of the device’s system workflow. It begins with the start process
where the device captures noise for storage. When the devices are turned on, the
system will be initialized then subsequently the system monitors the captured noise
and prints the decibels measured, then the device will charge the external device
connected to it.
The sampling of Noise Pollution Based Power Bank was tested at different noisy
areas around Puerto Princesa City including the canteen, public markets, power indus-
try, KTV bars, disco bars, public transport, malls, movie houses and other noisy places
while the tools used for fabrication were the drill bit for making holes on the device
enclosure, pliers, and cutter for the connection of wires, and soldering iron and solder-
ing lead for soldering.
In determining the voltage, current and resistance, the proponent used the Ohm’s
Law, where: V = voltage, I = current and R = resistance.






V𝑜𝑢𝑡 = voltage going into the device
V𝑖𝑛 = voltage coming out of the device
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Figure 7: flow Chart.
The result of this formula is expressed in the unit of decibels (dB). Voltage gain is






Electret microphone has a current consumption of 0.5mA max., but it doesn’t affect
the push of voltage to the capacitor. Instead, the current present between the micro-
phones to the capacitor is computed using the equation:
𝐼 = 𝑉𝑏𝑅 𝑒
−𝑡/𝑅𝐶 (3)
Where:
V𝑏 = Source voltage
R = resistance
t = time
RC = time constant (resistance x capacitance)
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4. Results and Discussion
The discussion is prepared according to the logical arrangement of the problem.
4.1. Components used to develop the noise pollution
based power bank
The proponent used Arduino Uno Rev 3 as the main operator of the embedded system
of the device. It is responsible for displaying the decibel measured on site; LCD or Liquid
Crystal Display shows the information gathered by the microcontroller. It displays the
decibel reading and its corresponding voltage; Sound Detection Sensor is being used
to gather input. nevertheless, the information from the sensor is the basis of the
display on the LCD wherein, Electret microphone collects the sound waves or acoustic
energy to be used and convert the raw source to electricity subsequently, Lithium Ion
battery that is connected in series parallel is used as the storage of electric charge
for the Arduino and external devices so therefore, The 10k potentiometer connected
to the LCD and Arduino for the contrast adjustment and then the Voltage Regulator is
used to maintain a steady amount of voltage output supplied for the external devices
connected to the power bank and so, the Capacitor serves as the temporary storage of
electricity from the microphone before forwarding to the battery and finally, the diode
leads the electricity to flow in one direction also keeps the current from alternating
when arranged as a bridge diode.
In continuation, the LED or light emitting diode is used as the indicator of battery
level while Green LED means the battery is used for charging, and Yellow LED means
the battery is needed to be charged, also the Red LED means the battery is starting
to drain. The resistors are used to limit the flow of electrical current to the desired
amount that is needed whereas, The proponent used 2 toggle switch to be used in that
locations that are higher part is for the LCD and the other one is for the power bank. So,
therefore the Arduino software or Arduino IDE to run the assembled hardware and the
software or codes loaded in the microcontroller is essential for the device to perform
its purpose.
The function of the device. The microphone continuously collects noise for conver-
sion and storage.When the system is initialized, either the device functions as a decibel
meter or charge an external device. When the user switched on themonitor, the sensor
capture sample and the LCD prints the computed value expressed in decibels. When
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Figure 8: Pseudo Code.
the power bank is on it charges the external device connecter to it. This allows the
microcontroller to be display the stored program on the LCD.
The diagram of the collector and regulator. Electret microphones are linked in parallel
and connected to the bridge rectifier to help the flow of voltage from alternating. The
capacitor serves as storage of voltage before forwarding to the battery.
4.2. Circuitry and design architecture Noise
Pollution based Power Bank
The Noise Pollution Based Power bank design and Architecture is presented below.
The external architecture of the noise pollution based power bank. It is a device that
uses sound as a source of energy for the power bank. It also includes a decibel meter
and battery level indicator.
Based on the labeled parts, the LDC monitor displays the decibel measurement
reading and below it is a 5 LED battery level indicator which tells the status of the
device’s battery.
The green led indicates that the battery is full or still usable to charge external
devices while yellow led indicates that the battery is getting low and is advised to
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Figure 9: Collector and Regulator.
recharge again and the red led means that the battery is getting starting to drain
and won’t be able to charge devices and show display on the LCD. The potentiometer
controls the contrast of the LCD. The device has 2 switches that control different part
of the device.
The switch above the potentiometer turns the monitor on and the other switch
is for the power bank supply for the external device. On the lower right side of the
device is the USB port where the charger wire connects. On the other side is a group of
microphone that collects the noise for processing and the topmost microphone serves
as the Sound detection sensor. The USB Power jack that is used to connect the device
to the computer for uploading codes, maintenance, and configurations. The DC Power
jack is for secondary electricity source charging, 7v to 9v input can be connected to it.
The internal architecture of the devicewith each part labeled. The Arduino Uno Board
stores the program running the device. There is 4 lithium-ion battery connected in
series parallel to maintain the input for the board and 5v output for the external device.
There are 2 groups of DC converter, made from capacitor and voltage regulator, one is
for maintaining 9v for battery charging from the power jack and the other one is for
the 5v supply of the power bank.
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Figure 10: Noise Pollution Based Power Bank.
4.3. Noise or decibels harvested to create power (Voltage)
Noise/Decibel is a product of pressure in the air and its normal state measure 43-44
dB for normal noise or not polluted which no specific amount of noise/decibel that is
needed to create power as long the microphone catches sound waves; most likely it
will keep on converting its input to electricity. The charging of the battery varies from
how low or high the pressure caught in a measure of time. The stronger the pressure
the shorter the charging time. But since themeasure of a soundwave traveling through
air is not consistent, the time of converting/ charging will be different each time the
battery charges. The results of harvested electric voltage shown in table 2.
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Figure 11: Internal Architecture of Noise Pollution Based Power Bank.
Table 1 shows the results of sound harvested to produced electric voltage, The high-
est voltages harvested using the Noise Pollution based power bank is 12,589mV (79-82
dB) at comedy bars and closed spaced karaoke bars, followed by voltage harvested of
8192 mV (79dB) at public transport. The lowest voltage harvested were from Houses
and Schools Classrooms and canteens wherein the harvested voltage ranging 282mV
to 501mV (49-74 dB)
4.4. Process of sound Energy to electrical energy
The proponent decided to use a microphone as the main component of the Noise
Pollution Based Power Bank.
4.5. Noise pollution based power bank generated current,
and resistance
The process flow of the noise pollution based power bank. Noise is harvested by
microphone in the form of sound wave or signals. The diaphragm of the microphone
moves up and down that makes converts the signal to electrical current. The converted
DOI 10.18502/kss.v3i6.2382 Page 233
IRCHE 2017
Table 1: Voltage gain Converted from Measured Decibels.
Noisy Places Decibels(dB) Voltage Gain(mV)
House:
Normal (Sunny) 44 – 49 282mV
Rainy 44 – 55 562mV
School
Canteen 44 - 54 501mV
Class Room 44 - 74 501mV
Hall Ways 44 - 66 1995mV
Malls/Market:
Mall 1 44 - 58 794mV
Mall 2 44 - 75 5623mV
Mall 3 44 - 70 3162mV
Public Market 44 - 74 5011mV
Street/ Along Roads
National Road 44 - 75 5623mV
Road Intersection 1 44 - 75 5623mV
Road Intersection 2 44 - 72 3981mV
Bars:
Disco Bars 44 - 77 7079mV
Comedy Bars 44 - 82 12589mV
Karaoke;
Closed 44 - 82 12589mV
Open 44 - 75 5623mV
Movie houses 44 – 73 4466mV
Public Transport 44 - 79 8192mV
Restaurant:
Restaurant 1 44 - 76 6309mV
Fast food Chain 44 - 75dB 158mV - 5623mV
current in alternating form will pass though the bridge rectifier to make it into direct
current and store it to the capacitor before transferring it to the battery. The current
from the battery is supplied to three different sections of the device: battery level
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Figure 12: Process flow.
indicator, USB port and Arduino board. The battery indicator shows the status of the
battery, and the USB port produce 5v output that can be used to charge phone. Arduino
supplies power to the LCD and sensor to run, then the sensor capture samples for
the display of the LCD. Microphone is a type of transducer that converts one form of
energy to another. Inside this device is the diaphragm which is commonly made up of
plastic, paper or aluminum. Attached to it is a magnet enclosed in a coil that produces
the energy. As the microphone catches sound (acoustic energy) that is in the form
of vibration that travels through air or other medium, the diaphragm moves and the
electrons flow through the copper coil. Thus, this process creates electrical signal or
current that is passed to the desired output, and in this research case, the battery. But
since the current from the microphone is alternating, the proponent made a bridge
rectifier to convert the current to direct before storing it to the capacitor and to the
battery.
The table shows the converted electric current and resistance from harvested volt-
age of the measured decibels of the Noise Pollution based power bank, the highest
current of 251.79mA and resistance 124.20mΩmat 82dB sound levels. In Zero-dB stan-
dards, there is different measurement of resistance. Audio industry measures 600Ω
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Table 2: Current and Resistance Converted from Measured Decibels.
Noisy Places Decibels Current Resistance
House:
Normal (Sunny) 49dB 5.63mA 2.78 mΩ
Rainy 55dB 11.24mA 5.55 mΩ
School
Canteen 54 dB 10.02mA 4.94 mΩ
Class Room 74 dB 100.24mA 49.44 mΩ
Hall Ways 66 dB 39.91mA 19.68 mΩ
Malls/Market:
Mall 1 58 dB 15.89 mA 7.84 mΩ
Mall 2 75 dB 112.47mA 8mA mA
mA mA mA
55.48 mΩ
Mall 3 74 dB 100.24mA 49.44 mΩ
Public Market 70 dB 63.25mA 31.20 mΩ
Street/ Along Roads
National Road 75 dB 112.47mA 55.48 mΩ
Road Intersection 1
11sectioIntersection 1
75 dB 112.47mA 55.48 mΩ
Road Intersection 2 72 dB 79.62mA 39.27 mΩ
Bars:
Disco Bars 77 dB 141.59mA 69.84 mΩ
Comedy Bars 82 dB 251.79mA 124.20 mΩ mmΩ
Karaoke;
Closed 82 dB 251.79mA 124.20 mΩ
Open 75 dB 112.47mA 55.48 mΩ
Movie houses 73 dB 89.34mA 44.07 mΩ mΩ
Public Transport 79dB 178.25mA 87.92 mΩ
Restaurant
Restaurant 1 76dB 126.19mA 62.25 mΩ
Fast food Chain 75dB 112.47mA 55.48 mΩ
resistance, Television Industry measures 75Ω and Radio Frequency have 50Ω, which
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is used for electro-magnetic field strength. Typically 50Ω is used for the calculation of
the voltage-gain from sound wave pressure.
4.6. Efficiency of the Noise Pollution Based Power Bank
banks when tested using different mobile gadgets
The Fully charged Noise pollution based power bank using noise pollution as electri-
cal energy sources were tested its efficiency in charging different mobile chargeable
gadgets or external device, The results is presented in table 6 below.
Table 3: External Device Charging from the Power Bank.
Phone The power bank can add 20% - 25% battery life
Tablet The power bank can add 20% - 25% battery life
Watch Phone Charged from the power bank up to 65% of battery
life
LED Light Lights for 7 hours continuous connected to the power
bank
Portable Fan Fan rotates at a maximum level for 1 hour and 30
minutes when connected to the power bank
Arduino The power bank can supply Arduino board for 30-40
minutes.
The charging of various device/gadgets depends on the voltage and current require-
ments of each device. This also affects the consumption of charges from the battery.
5. Conclusions and Recommendations
The following contain the Conclusions of the study:
5.1. Conclusions
The noise pollution based power bank has an external and internal architectures that
has hardwires and software to harvest the sound energy levels (decibels) and con-
verted to electrical energy as a primary source of electricity, wherein the device mon-
itor displays inf value when the sensor captures as an input which it typically equal to
43dB.The sensor can measure more than 74dB, when the decibel is higher than 74dB,
the sensor keeps steady reading of the peak value and LED that is used for the battery
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level indicator of the power bank can consume charges from the battery that makes
the external device to charge in shorter time.
The sound energy captured using microphones measured in decibels and harvest
the electrical energy measured in Voltage, thus the noise pollution based power bank
is an effective device to stored electrical energy coming from sound energy. Therefore,
sound energy is capable to be a source of electrical energy.
The effective locations for harvesting sound energy is at closed room entertainment
places such as bars or other similar places reaching higher decibel level of noise or
sound with decibels of higher than 80 and the louder the noise or the longer the
exposure of the device to noise the faster it charges, wherein the power bank can
charge devices that require input voltage of 5v such as phone, tablets, watch phones,
LED light, portable fan, and other external devices.
Noise is an effective source of electricity just like sunlight. Thus, because of the small
voltage converted from the source it is better to have more microphones to gather
the raw source wherein, to produce larger amount of voltage, microphones must be
connected in parallel. Series connection increases the current but the voltage is too
low. The power bank can supply the LED light the longest because it only requires 3.3v
that makes the consumption of charges from the device much slower than those that
needs 5v.
5.2. Recommendations
Based on the conclusions made, the following are recommended for consideration:
For public and private establishments especially those who specialize in entertain-
ment, it is recommended for them to use this research to develop equipment that
they can use to support their power consumption with the use of the sound they are
producing at the same time. The concept of it is recycling their own waste to produce
the electricity that they need.
For all travellers, it is recommended to bring power banks along every time they are
on the road in case of emergency. It is much better if the power bank they have in hand
are those that are using renewable source because electrical outlets are not always
present on every locations. This device would be effective since sound is present
anytime anywhere.
For future researchers, this research will serve as their guide to modify or improve
more related device that can help people make us of sources that are already present
in our daily surroundings. It is recommended for them to use amuch powerful sensor to
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enhance the reading of the decibel measurements, use more microphones to harvest
sounds to charge the battery faster and make a battery indicator that uses LEDs with
smaller voltage consumption to lessen the consumption of electric charges. Also, to
modify the meter and include the current and resistance reading.
Appendix
The Noise Pollution based power bank was used to harvest the sound energy at the
noisy places as shown in the figures below.
Figure 13: Sound harvesting in Bars and KTV Bars using Noise Pollution Based Power banks.
The Noise pollution based power bankwas tested as charger of the external devices.
References
[1] “Types of Renewable Energy”, http://www.renewableenergyworld.com/index/
tech.html
[2] Gomez, Cynthia M., Air Quality, Noise Management and Energy Saving Practices,
City Ordinance no. 1720-2011, City of Santa Rosa Environment Code pp. 20-23
[3] Hon. Marcelino R. Teodoro. Republic of the Philippines House of Representatives,
Quezon City, Metro Manila, Philippines. http://www.congress.gov.ph/download/
basic_15/HB01839.pdf. Date retrieved: November 23, 2015.
[4] Kirby Cabrillos, John Vingem Geaga, Reg Vincent Natividad, Ryan Ceazar Santua
http://www.slideshare.net/zeroyan/final-research-to-print Accessed: November
DOI 10.18502/kss.v3i6.2382 Page 239
IRCHE 2017
 
Figure 14: Sound harvesting atmovie house and public transport using Noise Pollution Based Power banks.
 
Figure 15: Phone and phone watch charging from Noise Pollution Based Power banks.
25, 2015
[5] Angelo Casimiro. “Gererating electricity by Walking” http://www.iflscience.
com/technology/teenager-invents-energy-generating-shoe-insoles Retrieved:
November 26, 2015
[6] Alankrit Gupta, Vivek Goel, Vivek Yadav. Conversion of Sound to Electric Energy.
International Journal of Science & Engineering Research, Volume 5, Issue 1, January-
2014, ISSN 2229-5518
[7] Shalabh Rakesh Bhatnagar. Converting Sound Energy to Electrical Energy Interna-
tional Journal of Emerging Technology and Advances Engineering ISSN 2250-2459,
Volume 2, Issue 10, October 2012 Retrieved: July 5, 2015




Figure 16: Portable fan and LED lights charging from Noise Pollution Based Power banks.
[8] Karki, James, Signal Conditioning piezoelectric Sensors, Texas Instruments Mixed
Signal Products Application Report SLOA033a – September 2000
[9] Konka, Hari Prasad, Characterization of Composite Peizoelectric Materials for Smart
Joint Applications, B. Tech, Jawaharlal Nehru Technological University, 2007
[10] Tim Stilson “Piezoelectric Sensor” Source: http://soundlab.cs.princeton.edu/
learning/tutorials/sensors/node7.html Accessed: October 31, 2015
[11] Tannith Cattermole “Mobile phones charged by the power of speech” http://www.
gizmag.com/mobiles-powered-by-conversation/16417/ Accessed: November 23,
2015
[12] Shiela Marie Graza. “TIP QC Students Develop a Device
Noise into Electrical Energy” http://kawingkawing.ph/
tip-qc-students-developed-a-device-that-converts-sound-to-electricity/
Retrieved: November 23, 2015
[13] Rumsey, Francis; McCormick, Tim, Chapter 3 Microphones, Sound and Recording an
Introduction (5th Edition), Focal Press Publishing.
[14] Soundlab “Piezoelectric Sensor” Source: http://soundlab.cs.princeton.edu/
learning/tutorials/sensors/node7.html Accessed: October 31, 2016.
DOI 10.18502/kss.v3i6.2382 Page 241
IRCHE 2017
[15] Doctrine in EST. Policy. Noise Standards in the Philippines. http://d0ctrine.com/
2012/04/03/noise-standards-in-the-philippines/ Retrived: November 23, 2016
[16] Hon. Marcelino “Marcy” R. Teodoro. Republic of the Philippines House of Repre-
sentatives, Quezon City, Metro Manila, Philippines. http://www.congress.gov.ph/
download/basic_15/HB01839.pdf. Date retrieved: November 23, 2016.
[17] Vijay Vaishnavi and Bill Kuechler. Design Science Research in
Information System. Downloaded from: http://desrist.org/desrist/content/
design-science-research-in-information-systems.pdf. Date retrieved January
16, 2016.
[18] The Object Primer 3rd Edition: Agile Model Driven Development with UML 2. http://
www.agilemodeling.com/artifacts/dataflowDiagram.htm date Retrieved: October
12, 2017.
[19] PacestarSoftware.http://www.pacestar.com/edge/index.html: Date accessed:
June 22, 2017
DOI 10.18502/kss.v3i6.2382 Page 242
